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Executive  Summary 


History  and  Problems  of  Technology  Absorption  in  Russia 

The  Soviet  Union  is  currently  in  a  period  of  rather  intense  importation 
of  advanced  technology  from  the  developed  industrial  countries.  This  is  not 
the  first  time  in  Russian  history  that  such  importing  of  technology  has 
occurred . 

The  transfer  of  advanced  foreign  technology  Into  Russia  on  a  massive 
scale  actually  occurred  as  early  as  the  beginning  of  the  18th  century,  during 
the  reign  of  Peter  the  Great.  Peter  brought  in  not  only  foreign  technology, 
but  foreign  technologists  by  the  thousands,  and  built  an  economic  base  for 
the  support  of  his  military  and  foreign  policy  ambitions. 
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Within  the  past  hundred  years  of  Russian  history  there  have  been  two 
major  periods  of  concentrated  effort  to  acquire  advanced  foreign  technology. 
The  first  of  these  was  connected  with  the  industrialization  spurt  in  the  1890s. 

As  a  result  of  this  foreign  investment,  not  only  was  the  capital 
stock  of  Russia  greatly  expanded,  but  also  foreign  technology  was  brought  into 
Russia,  both  in  the  form  of  advanced  capital  equipment  itself  and  in  the  form 
of  human  capital.  Foreign  technologists,  experienced  businessmen,  managers 
and  engineers  came  to  Russia  as  foreign  companies  were  set  up  within  Russia. 
Direct  foreign  investment  was  thus  responsible  for  the  implantation  of 
advanced  techniques  in  several  key  industries.  Moreover,  the  foreign  firms 
competed  with  Russian  firms  inside  Russia  and  forced  the  latter  to  be  more 
efficient  if  they  were  to  survive. 

A  second  period  of  major  importation  of  foreign  technology  occurred 
during  the  1920s  and,  especially,  the  early  1930s.  During  the  relatively 
free  market-oriented  period  of  the  New  Economic  Policy  of  the  1920s,  the 
Soviets  attempted  to  import  foreign  technology  through  the  program  of 
foreign  concessions.  It  was  during  the  period  of  the  First  Five  Year  Plan, 


1928  to  1932,  that  major  efforts  were  made  to  import  foreign  technology 
to  carry  out  Stalin's  ambitious  program  of  rapid  industrialization.  With 
the  emphasis  on  industrial  capital  formation,  imports  of  machinery  and 
equipment  began  to  assume  greater  importance.  By  1933  the  imports  of  machinery 
and  equipment  rose  to  a  level  of  more  than  half  of  the  total  imports  of  the 
Soviet  Union.  On  the  whole,  imports  of  capital  goods  from  abroad  amounted 
to  almost  15  percent  of  gross  investment  in  the  Soviet  Union  during  this 
period.  Furthermore,  imports  of  certain  basic  industrial  materials — lead, 
tin,  nickel,  zinc,  aluminum,  rubber — accounted  for  perhaps  90  to  100  percent 
of  these  materials  consumed  in  the  Soviet  industrialization  program. 

In  the  next  five  year  plan  period,  1933-37,  imports  of  foreign  capital 
goods  fell  to  about  2  percent  of  gross  investment.  Dependence  upon  the  West 
for  major  products  decreased  dramatically. 

Intense  periods  of  rapid  economic  growth,  during  which  Russia  attempts 
to  catch  up  with  the  advanced  nations  of  the  West,  are  followed  by  periods 
of  withdrawal  and  relative  stagnation.  When  the  military  needs  of  the  State 
were  pressing,  the  economy  was  pressured  by  the  State  into  rapid  growth;  when 
a  degree  of  power  parity  was  reached  with  the  West,  the  need  for  rapid  growth 
subsided  and  the  State  removed  its  pressure  for  growth.  As  a  consequence,  a 
period  of  rapid  growth  was  followed  by  a  period  of  little  or  no  growth. 

In  the  past  periods  of  importation  of  advanced  technology,  the  Russians 
were  able,  within  a  compressed  period  of  time,  to  approach  contemporary  economic 
development  levels  in  the  West  and,  to  some  extent,  even  the  levels  of 
contemporary  technology  in  the  West.  Yet  in  the  longer  run,  as  the  advanced 
nations  of  the  West  continued  to  develop  new  technology,  the  Russians  were  not 
able  to  maintain  their  relative  position,  and  they  fell  back. 

Among  the  Soviet  economic  institutions  which  affect  the  ability  of  the 
economy  to  absorb,  master,  and  create  new  technology  are: 

(1)  The  managerial  incentive  mechanism  that  has  more  or  less 
dominated  the  Soviet  scene  since  the  1930s.  Innovation  always  involves  risk. 
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The  compensation  for  risk  is  reduced  by  the  fact  that  success  today  will 
mean  a  higher  target  tomorrow,  and  success  in  the  system  requires  the  regular 
meeting  of  targets.  Thus,  managers  resist  innovation  and  try  to  keep  targets 
low.  There  is  much  discussion  in  the  Soviet  Union  on  how  to  get  around  this 
problem,  but  nothing  very  effective  has  been  introduced  so  far. 

(2)  The  organization  of  research  and  development  (R&D) . 

Considerable  expenditure  is  devoted  to  R&D  in  the  Soviet  Union,  but  to  a 
great  extent  it  is  separated  from  the  production  process,  and  less  attention 
is  paid  to  development  than  research.  As  a  result,  while  new  technology  is 
generated  and  foreign  research  studied,  the  implementation  and  diffusion  of 
such  technologies  are  limited.  One  of  the  reforms  currently  underway,  the 
creation  of  large  "scientific  production  associations,"  offers  the  promise  of 
bringing  the  Soviet  organizational  relationship  between  research,  development, 
and  production  more  into  line  with  the  pattern  dominant  in  the  West. 

(3)  The  technology  transfer  process  is  primarily  a  people-process. 
Technology  is  best  transferred  from  firm  to  firm  and  from  country  to  country 
by  people  (managers,  engineers,  sales  engineers,  etc.)  rather  than  by  publica¬ 
tions  (including  blueprints)  or  products  themselves.  In  the  postwar  period, 
the  Soviets  have  concentrated  on  the  latter  approaches  while  making  minimal 
use  of  the  former.  Currently,  however,  they  appear  to  be  paying  more  attention 
to  the  people  part  of  the  process. 

The  elements  discussed  so  far  have  related  to  Soviet  institutions  and 
practices,  but  the  Russians  under  the  Tsars  also  had  trouble  mastering  modern 
technology  and  maintaining  its  dynamic  change.  The  common  elements  in  the 
pre  and  post-revolutionary  Russian  scene  which  may  explain  these  difficulties 
are: 

l 

(1)  The1  creative  destruction  aspect  of  technical  change — that 
is,  when  something  new  is  done  and  it  is  successful,  the  old  is  destroyed. 

In  a  politicized,  bureaucratic  economy,  as  was  the  case  under  both  Tsars  and 
Bolsheviks,  those  who  operate  existing  activities  and  technologies  are  much 
better  able  to  protect  themselves  against  the  threat  of  new  activities  and 
technologies . 
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(2)  The  absence  of  a  threat  of  bankruptcy  in  the  non-competitive 
Soviet  economy ‘has  an  impact  because  the  innovational  process  responds  in  a 
positive  way  to  high  rewards  for  successful  innovation  and  it  also  responds 

to  the  fear  of  being  driven  out  of  business  by  dynamic  competitors. 

(3)  The  Soviets  have  primarily  imported  foreign  technology  for 
domestic  purposes  rather  than  for  exports  which  would  have  to  be  internationally 
competitive.  Thus,  once  the  new  technology  was  in  place,  there  was  no 
pressure  on  those  using  it  to  keep  it  up  to  changing  foreign  levels,  and  the 
technology  languished . 

Econometric  Analysis  of  the  Role  of  Technology  Transfer  in  Soviet  Industrial 
Growth,  1968-80 

As  was  stated  above,  while  both  Western  observers  and  current  Soviet 
policy-makers  appear  convinced  of  the  contribution  of  foreign  technology  to 
Soviet  industrial  growth,  the  quantitative  significance  of  the  technology 
transfer  remains  a  major  unanswered  question. 

During  the  construction  of  the  SRI-WEFA  Econometric  Model  of  the  Soviet 
Union,  a  new  methodology  was  developed  for  evaluating  the  quantitative  impact 
of  imported  machinery  on  Soviet  industrial  production.  This  methodology,  to 
a  certain  extent,  provides  a  measure  of  the  gains  from  technology  transfer. 

The  incorporation  of  this  feature  within  the  complete  macroeconometric  model 
provides  a  framework  for  evaluating  the  direct  and  indirect  benefits  of  Soviet 
machinery  imports  through  counterf actual  scenarios  in  the  past  and  conditional 
projections  into  the  future. 

In  the  analysis  reported  here,  S0VM0D  II,  the  second-generation  version 
of  the  SRI-WEFA  Soviet  Econometric  Model  was  used. 

The  gains  from  international  technology  transfer  will  depend  upon  the 
technical  gap  between  nations  and  the  absorptive  efficiency  of  the  receiving 
nation  (its  capacity  for  learning  and  absorption).  In  an  attempt  to  quantify 
the  gains  from  technolpgy  transfer,  there  are  clear  advantages  to  focussing 
on  imported  machinery  and  equipment.  Machines  imported  from  nations  more 
technologically  advanced  can  increase  a  domestic  production  in  three  different 
ways: 
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(1)  directly  through  higher  productivity  in  domestic  production; 

(2)  indirectly  through  use  in  the  production  of  more  efficient 
domestic  machinery;  or 

(3)  even  more  indirectly  through  the  transmission  of  information 
which  results  in  a  higher  domestic  level  of  technology. 

The  value  of  information  embodied  in  foreign  machines  will  rarely  be  fully 
captured  by  the  price  of  the  product. 

In  order  to  estimate  the  contribution  of  imported  machinery  to  Soviet 
industrial  pro  suction,  a  measure  of  foreign  capital  from  Soviet  import  data 
was  constructed  and  that  measure  was  used  to  disaggregate  the  capital  stock 
into  foreign  and  domestic  categories. 

Over  the  period  1960-73,  there  are  some  important  patterns  in  the  growth 
of  foreign  capital  in  Soviet  industry,  as  shown  in  Table  1.  Using  the 
disaggregated  series  of  foreign  and  domestic  capital  stock,  a  production 
function  with  three  factors  of  production — labor,  foreign  capital  and  domestic 
capital— was  estimated.  It  is  assumed  that  each  imported  machine  carries 
potential  information  which  may  raise  the  level  of  Soviet  technology.  Given 
a  constant  expenditure  of  internalization  effort  (analysis  and  diffusion)  per 
unit  of  imported  machinery,  the  level  of  domestic  technique  will  depend 
upon  current  and  past  levels  of  machinery  imports.  When  one  estimates  the 
"contribution"  to  output  of  the  marginal  foreign  machine,  there  are  two 
components  to  the  marginal  productivity:  (1)  a  direct  measure  of  productivity, 
and  (2)  its  contribution  to  the  productivity  of  domestically  produced  machinery. 
If  this  "learning"  component  is  significant  than  the  marginal  productivity  of 
foreign  capital  estimated  in  a  production  function  ought  to  be  higher  than 
what  one  might  judge  reasonable  for  direct  productivity  relative  to  domestic 
capital,  and  that  is  exactly  what  our  econometric  results  suggest. 

In  the  Soviet  macromodel,  efforts  have  been  made  to  specify  the  pattern 
of  bureaucratic  behavior  (rule  of  thumb),  identify  contingencies  to  which 
such  bureaucratic  rules  must  respond,  and  clarify  where  possible  the  role  of 
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Rates  of  Growth  of  Foreign  Capital,  1961-1973 


Year 

Aggregate 

Industry 

Chemicals  and 
Petrochemicals 

Machine-Building 
£  Metal-Working 

Petroleum 

Products 

1961 

5.2 

19.8 

9.6 

16.9 

1962 

6.7 

15.4 

9.8 

27.0 

1963 

7.9 

7.3 

11.2 

31.4 

1964 

6.2 

11.1 

10.3 

27.4 

1955 

4.1 

8.3 

10.7 

25.9 

1966 

2.5 

6.9 

7.3 

21.5 

1967 

3.4 

9.7 

5.3 

10.9 

1968 

6.7 

10.8 

6.2 

11.8 

1969 

10.0 

10.9 

8.8 

13.6 

1970 

11.6 

5.5 

7.8 

10.2 

1971 

8.0 

0.4 

21.6 

7.5 

1972 

7.1 

3.4 

6.8 

8.4 

1973 

10.0 

10.8 

5.1 

Mean 

Growth 

Rate  6.6 

9.1 

9.6 

17.7 

1961-1972 
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administrative  intervention  in  shifting  the  rule  from  epoch  to  epoch.  The 
"rule  of  thumb"  in  this  hypothesis  is  that  real  foreign  machinery  is  allocated 
proportionately  to  the  allocation  of  domestic  investment  over  time  within  any 
given  category  of  investment . 

In  Figure  1  below,  the  general  historical  pattern  in  the  observed 
import/investment  ratios  is  indicated.  Over  the  sample  period  1961-1973, 
the  equilibrium  ratio  is  shifted  upward  with  detente  with  shortrun  variation 
"explained"  in  part  by  the  liquidity  measure.  The  retardation  in  real  machinery 
imports  in  the  mid-1960s  is  due  first  to  the  restriction  in  industrial  invest¬ 
ment  and  second  to  the  decline  in  Soviet  hard  currency  liquidity  after  the 
1963  harvest  failure.  Several  different  projection  patterns  are  indicated  for 
the  period  1974-1980:  projection  (a)  continues  the  upward  trend  observed  in 
the  period  of  detente;  projection  (b)  continues  the  detente  shift  but  abandons 
the  upward  trend;  and  projection  (c)  represents  a  combination  of  projection 
(a)  with  declining  Soviet  liquidity  because  of  grain  purchases  in  1975-1976. 

How  might  Soviet  development  have  been  different  had  those  shifts  in 
Soviet  machinery  demand  not  taken  place?  By  retrospectively  repealing  'detente' 
consequences  for  East-West  trade,  a  measurement  of  Soviet  gains  from  machinery 
imports  is  obtained  holding  historical  environment  constant,  i.e.,  financing 
of  investment,  defense  expenditure,  weather,  the  world  economy,  etc. 


Scenario  I:  A  Retrospective  Repeal  of  Detente,  1968-1973 


In  scenario  analysis,  a  control  solution  as  a  standard  of  reference  of 
counterf actual  experiments  is  constructed.  For  the  control  solution,  the 
model  is  solved  dynamically  from  1968  to  1973  using  actual  historical  values 
for  all  variables  in  the  period  of  solution.  Once  the  control  solution  is 
determined,  a  No-Detente  scenario  is  computed.  Only  the  machinery  import 
component  of  the  model  is  adjusted.  Industrial  investment  and  capital 
formation  are  unchanged;  only  the  foreign/domestic  composition  of  industrial 
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capital  stock  is  different  with  consequences  for  industrial  production.  The 
decline  in  Soviet  imports  results  in  an  increase  in  Soviet  hard  currency 
liquidity  which  acts  to  boost  machinery  imports  in  the  following  year.  The 
hard  currency  liquidity  gain  also  lessens  next  year's  exports  to  the  Developed 
West  which  in  turn  lowers  the  liquidity  position  in  the  year  after  that.  The 
shift  in  capital  composition  also  generates  another  systemic  process  through 
the  employment  loop.  A  reduction  in  the  growth  of  average  labor  productivity 
in  industry  lowers  the  growth  of  the  real  industrial  wage.  This  reduces 
subsequent  growth  in  industrial  employment  through  participation  effects  and, 
with  a  longer  lag,  through  a  rural/urban  migration  effect. 

In  comparing  our  Scenario  with  the  control  solution,  the  full  system 
impacts  of  the  detente  effect  on  Soviet  machinery  imports  is  observed.  Table 
2  presents  several  measures  which  indicate  the  magnitude  of  this  detente  effect. 
The  model  suggests  that  the  growth  of  industrial  production  from  1968  to  1973 
would  have  been  only  28.4%  without  those  additional  imports  of  Western 
machinery,  i.e.,  approximately  15%  of  the  growth  rate  in  the  control  solution 
(33.7%)  would  have  been  foregone.  In  this  version  of  the  model  with  no 
compensatory  policy  shifts,  nearly  the  full  impact  of  thi ’  loss  in  GNP  falls 
upon  consumers.  At  the  end  of  the  period,  the  USSR  has  a  stronger  hard 
currency  position  with  $1.2  billion  additional  reserves  in  the  No-Detente 
Scenario  witli  a  slower  expansion  in  foreign  trade  turnover. 

Scenario  II:  The  Projected  Benefits  of  Imported  Machinery  for  Soviet 
Industrial  Growth,  1973-1980 


The  situation  of  the  Soviet  economy  in  the  mid-1970s  is  somewhat 
different  from  that  of  the  mid-1960s,  in  part  because  of  the  substantial 
imports  of  Western  machinery  during  the  period  1968-74.  To  increase  our 
understanding  of  the  quantitative  contribution  of  technology  transfer,  pro¬ 
jective  scenarios  with  10  percent  upward  and  downward  shifts  in  Soviet  demand 
for  foreign  machinery  were  constructed.  For  projective  analysis,  the  derivation 
of  a  control  solution  is  considerably  more  difficult  than  for  retrospective 
analysis  because  of  uncertainty  concerning  the  paths  of  exogenous  variables. 
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TABLE  2 


The  Impact  of  Detente: 

Main  Indicators 

- 

Detente 

Control 

No  Detente 
Scenario 

Indicator 

Percentage  Growth 

,  1968-1973 

Gross  National  Product 

30.3 

27.7 

Industrial  Production 

33.7 

28.4 

Chemicals  S  Petrochemicals 

33.9 

26.6 

Machine-Building 

42.6 

40.8 

Foreign  Trade  Turnover 

57.9 

52.9 

Aggregate  Consumption 

26.0 

21.9 

Value  in  1973 

Imported  Western  Machinery 
(B.  1955  Rubles) 

10.14 

8.27 

Hard  Currency  Reserves 
(M.  Current  $) 

-318. 

878. 

For  these  scenario  exercises,  a  control  solution  was  prepared  for  an 
extended  analysis  of  the  Tenth  Five  Year  Plan.  The  version  of  SOVMOD  II 
used  is  the  same  as  that  for  Scenario  I  (with  the  "detente"  effects  restored) . 

The  main  indicators  of  the  contr-  1  solution  are  compared  with  the 
Tenth  Five  Year  Plan  in  Table  3  below.  In  general,  the  aggregate  output  target 
of  the  Plan  appear  to  be  feasible  by  the  standards  of  SOVMOD  II.  However,  our 
projection  anticipates  more  growth  in  employment  and  capital  investment  and 
fewer  gains  from  technical  progress  than  called  for  in  the  Plan. 

Around  this  control  path  two  scenarios  were  constructed  by  shifting 
Soviet  demand  functions  for  foreign  machinery.  In  Scenario  II-A  all  features 
of  the  control  solution  are  maintained  except  each  machinery  demand  function 
is  increased  by  10  percent.  In  Scenario  II-B,  those  parameters  are  reduced 
by  10  percent.  Consequently,  impact  multipliers  in  both  directions  for 
imported  machinery  can  be  calculated.  The  broad  features  of  these  scenarios 
are  presented  in  Table  4.  The  upward  impact  multiplier  for  Scenario  II-A  is 
12.1  while  the  downward  impact  multiplier  for  Scenario  II-B  is  12.4  for 
1973-78.  Two  important  observations  derive  from  these  experiments.  First, 
the  multipliers  for  Western  machinery  are  lower  for  the  USSR  in  the  1970s 
than  they  were  at  the  end  of  the  1960s,  though  they  are  still  large.  With 
the  more  rapid  accumulation  of  Western  machinery  relative  to  domestic  capital 
in  the  period  of  detente,  the  return  on  the  imported  capital  have  declined 
relative  to  the  domestic  capital  from  the  sample-period  level.  Second,  the 
multiplier  downward  is  greater  than  the  multiplier  upward  for  the  same  reason. 

Conclusions 

There  appears  to  be  an  apparent  contradiction  between  the  qualitative 
impression  of  Soviet  difficulties  with  the  absorption  of  advanced  technology 
at  the  microeconomic  level  and  the  quantitative  estimates  of  the  impact  of 
imported  Western  machinery  at  the  macroeconomic  level,  derived  from  the 
SRI-WEFA  Soviet  econometric  model.  The  results  appear  to  show  a  greater 
payoff  to  the  importation  of  foreign  technology  than  might  have  been  assumed 
from  the  qualitative-analytical  and  anecdotal  literature  (both  Western  and 
Soviet)  on  the  Soviet  economy. 


Table  3 


MAIN  INDICATORS  Of  THE  NJNT11  AND  TENTH  FIVE-YEAR  FEANS 


Ninth  Five-Year  Plan  Period,  3971—75 

Indicator:  Rates  of  Crowth _ 

CNP 

National  Income 

Industrial  output 

Industrial  labor  productivity 

Industrial  employment 

Agricultural  output  (5-year  average) 

Real  income  per  capita 

New  capital  investment 

Total  consumption 

Foreign  trade  turnover 

Tenth  Five-Year  Plan  Period,  1976-80 

Indicator:  Rates  of  Growth _ 

CNP 

National  income 

Industrial  output 

Industrial  labor  productivity 

Industrial  employment 

Agricultural  output  i(5-year  average) 

Real  income  per  capita 

New  capital  investment  (5-year  total) 

Total  consumption 

Foreign  trade  U  moved 


(1) 

Official 
Plan  Target 

(2) 

Off icial 
Claim 

(7) 

S0VM0D  II 
Control 

- 

- 

26.0%* 

38.6% 

28.0% 

- 

47.0% 

43.0% 

43.0%  (34. )t 

39.0% 

34.0% 

32.4%  (24 .l)t 

5.9% 

6.7  % 

8.0% 

21.7% 

13.0  % 

12.0%  (10. )+ 

31.0% 

24.0  % 

21  .8% 

41.6% 

- 

40.8% 

- 

- 

24.0% 

33.-35.% 

- 

54.0% 

(2) 

Preliminary 
Plan  Target 

(3) 

SOVMOD  11 
Control 

- 

23.8%* 

24.-28.% 

- 

35.-39.% 

40.6%  (31.8)t 

30.-34.% 

32.4%  (24-l)+ 

4.2% 

6.2% 

14.-17.% 

11.2%  (9.2)1 

20.-22.% 

16.6% 

24.-26.% 

30.0% 

- 

23.6% 

30.-35.% 

25.0% 

the  poor  harvest,  a  Five-Year  Moving 


*  Since  1975  CNF  is  depressed  because  of 
Average  (1973-77)  of  the  Control  Solution  was  used  in  comparisons  with  1970 
and  1980. 

t  Model  projections  on  Western  data  basis  (in  parentheses)  converted  to  Soviet 
data  basis  using  simple  adjustment  factors  observed  1966-70. 


Sources:  (1)  N.  K.  Baybakov  (General  Ed.),  Cosudarstvennyy  pyatilentniy  plan  razvitiya 

nnrodnogo  khoayayr.tva  SSSR  na  1971-1975  gpdy.  Moscow,  1972. 

(2)  Pr.iyda,  15  December  19/5. 

(3)  SOVMOD  II  Control:  9  March  1976. 


Table  4 


CCmX'.ir.  SOLUTION 

AN!)  UKMANU-SIll  FT 

SOKNAIUOS,  1973- 

•80 

Scenario  II— 15 

Control 

Scenario  IT-A 

Indicator 

107.  Decrease 

Solution 

10%  Increase 

1975-80  Growth 

Gross  national  product* 

23.5% 

24.0% 

24.6% 

Industrial  productiont 

39.5  (30.8)% 

40.6  (31.8)% 

41.7  (32.8)% 

Petroleum  products 

42.5  (36.6)% 

43.4  (37.5)% 

44.4  (38.5)% 

Chemicals  &  petrochemicals 

52.5  (31.3)% 

55.0  (33.5)% 

57.4  (35.5)% 

Machine  building 

53.6  (32.7)% 

54.5  (33.5)% 

55.0  (33.9)% 

1930  Value 

(Hi 

ill ion  1955  Rubles) 

Stock  of  imported  machinery 

Aggregate  industry 

18.41 

19.57 

20.72 

Petroleum  products 

3.18 

3.37 

3.57 

Chemicals  &  petrochemicals 

3.45 

3.67 

3.88 

Machine  building 

3.46 

3.66 

3.85 

*  Five-Year  Moving  Average  for  1975. 

t  Western  sample  indexes  for  Soviet  industrial  output  are  in  parentheses. 
These  growth  projections  are  converted  to  Official  Soviet  statistics 
using  adjustment  factors  determined  for  1966-70. 
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A  number  of  methodological  problems  in  calculating  Soviet  gains  from 
technology  transfers  come  into  focus  when  the  process  of  technology 
transfer  is  considered  more  carefully.  Two  of  the  major  ones  are  omitted 
costs  and  returns  to  scale  in  the  technology  transfer  process. 

In  this  study  the  reported  Soviet  expenditure  on  imports  of  Western 
machinery  is  related  to  the  derived  increments  of  industrial  output.  How¬ 
ever,  the  process  of  technology  transfer  involves  additional  expenditures 
of  domestic  resources  (particularly  skilled  manpower)  as  well  as  supple¬ 
mentary  payments  for  technical  assistance  from  abroad.  Unfortunately, 
these  expenditures  at  the  aggregate  level,  at  least  those  involving  domestic 
resources  cannot  be  observed. 

To  refine  the  estimates  of  the  contribution  of  imported  machinery, 
quantitative  measures  of  the  supplementary  expenditures  need  to  be  derived. 

For  example,  a  sample  of  transfer  projects  could  be  evaluated  to  determine 
a  ratio  of  domestic  resource  expenditure  to  external  expenditures  on  physical 
machinery  and  equipment.  If  one  were  to  adopt  the  common  "rule  of  thumb" 
of  three  rubles  internal  expenditure  for  each  ruble  of  external  expenditure, 
the  impact  multipliers  would  be  reduced  by  a  factor  of  four  (from  12-15  to  3-4). 
This  issue  bears  particularly  on  the  "reasonableness"  of  the  no-detente 
scenario  (Scenario  I).  One  would  expect  that  a  reduction  in  the  scale  of 
imports  would  release  domestic  technology  "transfer"  resources  to  the  factory 
floor,  with  a  consequent  increase  in  production  from  the  Scenario  I  path. 
However,  in  principle  at>least,  this  potential  reallocation  of  factors  within 
aggregate  industry  should  already  be  taken  into  account  by  the  econometric 
estimation  over  the  sample  period. 

i 

A  second  problem  involves  the  important  issue  of  scale  in  technology 
transfer.  One  may  think  of  a  continuum  of  technology  transfer  projects 
ranked  according  to  an  effectiveness  criterion  (a  Soviet  rate-of-return) . 

Such  a  continuum  of  potential  projects  will  exist  in  each  time  period.  If 
the  scale  of  aggregate  technology  transfer,  as  measured  by  the  level  of 
machinery  Imports,  is  increased  than  one  assumes  that  projects  of  lower 
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This  Technical  Note  attempts  to  provide  a  quantitative  measure  of 
the  economic  gains  that  have  accrued  to  the  Soviet  Union  from  technology 
transfer. 

The  paper  begins  by  tracing  the  history  of  Tsarist  Russia  and  the 
Soviet  Union  in  importation,  absorption  and  mastering  of  foreign 
technology.  The  econometric  model  developed  by  SRI-WEFA  is  then  employed 
to  develop  a  measure  of  the  benefits  to  technology  transfer  for  the 
recent  past  (1968-1973)  and  to  estimate  the  prospective  gains  in  the  near 
future  (1975-1980). 
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FOREWORD 


This  Technical  Note  represents  an  application  study  of  the  SRI- 
WEFA  Econometric  Model  of  the  Soviet  Union,  undertaken  during  the  third 
phase  of  development  work  on  the  model  funded  by  ARPA.  This  application 
study  represents  a  component  of  the  SRI  continuing  program  in  Soviet 
Comparative  Economic  Studies.  The  program  is  directed  by 
Dr.  Herbert  S.  Levine,  Senior  Research  Consultant  at  the  SSC  and  Professor 
of  Economics  at  the  University  of  Pennsylvania,  and  M.  Mark  Earle,  Jr., 
Senior  Economist  and  Assistant  Direc  ,r  of  the  SSC. 

This  study  was  prepared  by  Dr.  Donald  W.  Green,  Research  Consultant, 
SSC,  and  Dr.  Herbert  S.  Levine.  An  earlier  draft  of  this  paper  was 
presented  at  the  Eastern  Economic  Association  in  April  1976,  and  appeared 
in  draft  form  as  Soviet  Econometric  Model  Working  Paper  No.  42. 

Richard  B.  Foster 

1  '  1  Director 
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I  BACKGROUND 


A.  Outline  of  Paper 

In  Western  analyses  of  the  Soviet  economy,  it  is  common  to  talk  of  the 
benefits  which  have  accrued  to  the  Soviet  economy  from  the  importation  of 
advanced  foreign  technology,  while  at  the  same  time  speaking  of  the  diffi¬ 
culties  the  Soviets  have  had  in  absorbing  advanced  technology  and  in 
mastering  the  process  of  technical  change.  It  is  rare,  however,  that  an 
attempt  is  made  to  provide  a  quantitative  measure  of  the  gains  the  Soviets 
actually  have  made  from  technology  transfer.  This  paper  attempts  to 
develop  such  a  measure. 

In  the  remainder  of  Part  I,  past  efforts  in  Tsarist  and  Soviet  history 
to  import  foreign  technology,  and  the  reasons  for  Russian  difficulties  in 
absorbing  and  mastering  advanced  technology  are  discussed.  In  Part  II 
the  Soviet  Econometric  , Model,  constructed  under  the  joint  Stanford  Research 
Institute  (SRI)  and  Wharton  Econometric  Forecasting  Associates  (WEFA) 
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program,  is  employed  to  develop  a  measure  of  Soviet  gains  from  technology 
transfer  in  the  recent  past  (1968-73)  and  to  estimate  the  prospective  gains 
in  the  near  future  (1975-80) . 

B.  History  and  Problems  of  Technology  Absorption  in  Russia 

I 

The  Soviet  Union  is  currently  in  a  period  of  rather  intense  importa¬ 
tion  of  advanced  technology  from  the  developed  industrial  countries.  This 
is  not  the  first  time  in  Russian  history  that  such  importing  of  technology 
has  occurred. 

The  transfer  of  advanced  foreign  technology  into  Russia  on  a  massive 
scale  actually  occurred  as  early  as  the  beginning  of  the  18th  century, 
during  the  reign  of  Peter  the  Great.  Peter  brought  in  not  only  foreign 


technology  but  foreign  technologists  by  the  thousands,  and  built  an 
economic  base  for  the  support  of  his  military  and  foreign  policy  ambitions 

Within  the  past  hundred  years  of  Russian  history  there  have  been  two 
major  periods  of  concentrated  effort  to  acquire  advanced  foreign  tech¬ 
nology.  The  first  of  these  was  connected  with  the  industrialization  spurt 
in  the  1890s.  It  was  led  by  the  Russian  minister  of  finance.  Count  Witte, 
whose  policy  was  to  encourage  foreign  investment  in  Russia.  Foreign 
capital,  especially  French  and  Belgian,  accounted  for  almost  50  percent  of 
all  new  capital  investment  in  Russia  during  the  industrialization  drive 
of  the  1890s.  In  1900,  foreign  companies  owned  more  then  70  percent  of 
the  capital  in  mining,  metallurgy  and  machinebuilding  in  Russia. 

As  a  result  of  this  foreign  investment,  not  only  was  the  capital 
stock  of  Russia  greatly  expanded,  but  also  foreign  technology  was  brought 
Into  Russia,  both  in  the  form  of  advanced  capital  equipment  itself  and 
in  the  form  of  human  capital.  Foreign  technologists,  experienced  business¬ 
men,  managers  and  engineers  came  to  Russia  as  foreign  companies  were  set 
up  within  Russia.  Direct  foreign  investment  was  thus  responsible  for 
the  implantation  of  advanced  techniques  in  several  key  industries.  New 
technology  was  often  incorporated  with  little  or  no  adaptation.  For 
example,  the  steel  mills  built  in  southern  Russia  after  the  mid-1800s 
were  of  the  same  technological  level  and  size  as  those  being  built  in 
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Western  Europe.  In  this  period,  with  the  continuing  participation  of 
foreigners  in  management,  these  steel  mills  kept  up  with  West  European 
progress  and  Russia  remained  in  the  mainstream  of  world  progress  in  steel 
making.  Moreover,  the  foreign  firms  competed  with  Russian  firms  inside 
Russia  and  forced  the  latter  to  be  more  efficient  if  they  were  to  survive. 

\  \ 

A  second  period  of  major  importation  of  foreign  technology  occurred 
during  the  1920s  and,  especially,  the  early  1930s,  During  the  relatively 
free  market-oriented  period  of  the  New  Economic  Policy  of  the  1920s, 
the  Soviets  attempted  to  import  foreign  technology  through  the  program  of 
foreign  concessions.  The  quantitative  importance  of  this  program  is  a 
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matter  of  debate.  Nevertheless,  the  actual  number  of  business  arrange¬ 
ments  with  foreign  concerns  was  larger  than  has  been  commonly  believed. 1 
However,  it  was  during  the  period  of  the  first  five  year  plan,  1928  to 
1932,  that  major  efforts  were  made  to  import  foreign  technology  to  carry 
out  Stalin's  ambitious  program  of  rapid  industrialization. 2  With  the 
emphasis  on  industrial  capital  formation,  imports  of  machinery  and  equip¬ 
ment  began  to  assume  greater  importance.  By  1933  the  imports  of  machinery 
and  equipment  rose  to  a  level  of  more  than  half  of  the  total  imports  of 
the  Soviet  Union,  and  imports  of  certain  types  of  machines — turbines, 
generators,  boilers,  machine  tools,  metalcutting  machines — accounted 
for  between  50  and  90  percent  of  the  growth  in  the  supply  of  these 
machines  during  the  period  of  the  first  five  year  plan.  On  the  whole, 
imports  of  capital  goods  from  abroad  amounted  to  almost  15  percent  of 
gross  investment  in  the  Soviet  Union  during  this  period.  Furthermore, 
imports  of  certain  basic  industrial  materials — lead,  tin,  nickel,  zinc, 
aluminum,  rubber — accounted  for  perhaps  90  to  100  percent  of  these 
materials  consumed  in  the  Soviet  industrialization  program. 

After  the  completion  of  the  first  five  year  plan,  Soviet  foreign  trade 
diminished.  The  decrease  can  be  attributed  to  several  factors.  Among 
the  direct  economic  factors  were,  first,  trade  was  aimed  at  building 
import  substitution  capacity  and  was  severely  reduced  after  the  delivery 
of  necessary  machinery.  Second,  in  the  recession  of  the  thirties,  terms 
of  trade  worsened  for  the  Soviet  Union,  i.e.,  the  prices  of  raw  materials 
dropped  significantly  relative  to  machinery  prices.  Third,  after  the 
granting  of  the  USSR  Most  Favored  Nation  (MFN)  status,  the  attitude  in 
the  United  States  toward  trade  with  the  USSR  shifted  away  from  the  granting 
of  credit  on  favorable  terms  and  toward  conditioning  trade  terms  on 
political  concessions. 


1  See  Anthony  C.  Sutton,  Western  Technology  and  Soviet  Economic  Development, 
1917  to  1930,  Vol.  1  (Stanford,  California:  Hoover  Institution  Press, 
1968). 

2  See  Franklyn  Holzman,  "Foreign  Trade,"  in  A.  Bergson  and  S.  Kuznets,  eds., 
Economic  Trends  in  the  Soviet  Union,  pp.  287-320  (Cambridge,  Mass: 

Harvard  University  Press,  1963). 
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In  the  Second  Five  Year  Plan  period,  1933-37,  imports  of  foreign 
capital  goods  fell  to  about  2  percent  of  gross  investment.  Dependence 
upon  the  West  for  major  products  decreased  dramatically.  Sometimes, 
imports  of  equipment  fell  rather  suddenly.  For  example,  imports  of 
tractors  in  1931  accounted  for  about  60  percent  of  the  growth  of  the 
tractor  stock  in  that  year,  and  in  the  next  year  no  foreign  tractors 
were  imported. 

What  has  been  described  portrays  a  traditional  Russian  pattern  of 
periodic  forays  into  the  international  economy,  a  pattern  linked  to  the 
overall  fitful  pattern  of  economic  development.  Intense  periods  of  rapid 
economic  growth,  during  which  Russia  attempts  to  catch  up  with  the  advanced 
nations  of  the  West,  are  followed  by  periods  of  withdrawal  from  the  inter¬ 
national  economy.1  Historically,  when  the  military  needs  of  the  State 
were  pressing,  the  economy  was  pressured  by  the  State  into  rapid  growth; 
when  a  degree  of  power  parity  was  reached  with  the  West,  the  need  for 
rapid  growth  subsided  and  the  State  removed  its  pressure  for  growth;  as  a 
consequence,  a  period  of  rapid  growth  was  followed  by  a  period  of  little 
or  no  growth. 

This  pattern  is  seen  in  the  period  of  Peter  the  Great  at  the  beginning 
of  the  1700s,  in  the  period  of  rapid  growth  of  the  1890s,  and  in  the  period 
of  massive  industrialization  launched  by  Soviet  leaders  in  the  1930s.  In 
these  past  periods  of  importation  of  advanced  technology,  the  Russians 
were  able,  within  a  compressed  period  of  time,  to  approach  contemporary 
economic  development  levels  in  the  West  and,  to  some  extent,  even  the  levels 
of  contemporary  technology  in  the  West.  Yet  in  the  longer  run,  as  the 
advanced  nations  of  the  West  continued  to  develop  new  technology,  the  Rus¬ 
sians  were  not  able  to  maintain  their  relative  position,  and  they  fell  back. 

'■  \ 


1  A.  Gerschenkron,  Economic  Backwardness  in  Historical  Perspective,  pp. 


17-18  (Cambridge,  1973) 


Certain  aspects  of  why  the  Russians  had  trouble  in  fully  assimilating 
advanced  technology  and  why  they  have  been  particularly  weak  in  maintaining 
technology  at  world  levels  have  been  amply  discussed  in  the  literature  on 
the  Soviet  economy.  These  will  be  mentioned  briefly  and  some  additional 
observations  will  be  added  which  will  help  explain  Russian  difficulties  in 
evidence  also  before  the  Revolution. 

Among  the  Soviet  economic  institutions  which  affect  the  ability  of 
the  economy  to  absorb,  master,  and  create  new  technology,  the  one  which 
has  received  primary  emphasis  in  both  the  Western  and  Russian  literature 
on  the  Soviet  economy  is  the  managerial  incentive  mechanism  which  has 
existed  since  the  1930s.  The  Soviet  economy,  in  the  past  decade,  has  been 
undergoing  certain  administrative  changes,  and,  while  the  current  picture 
is  not  totally  clear,  the  incentive  mechanism  is  still  basically  related 
to  the  fulfillment  of  performance  targets.  In  any  such  situation  there 
are  two  ways  of  assuring  success  or  at  least  increasing  the  prospects  for 
success:  (1)  performance,  and  (2)  keeping  the  target  low.  The  second 

aspect  of  target-type  rewarding  is  detrimental  to  the  innovation  process. 
Innovation  always  involves  risk.  The  compensation  for  risk,  contained  in 
the  reward  for  possible  overplan  fulfillment,  is  reduced  by  the  fact  that 
success  today  will  mean  a  higher  target  tomorrow,  and  success  in  the  system 
requires  the  regular  meeting  of  targets.  Thus,  managers  resist  innovation 
and  try  to  keep  targets  low.  There  is  much  discussion  in  the  Soviet  Union 
on  how  to  get  around  this  problem,  but  none  of  the  reforms  or  reorganizations 
have  accomplished  this.  Professor  David  Granick,  in  a  recent  SRI  study,1 
maintains  that  attempts  to  improve  Soviet  technology  assimilation  through 
the  modification  of  specific  forms  of  success  indicators,  cost  sharing  and 
pricing  devices,  and  the  length  of  the  plan  time  period  against  which  enter¬ 
prise  results  are  evaluated  will  at  best  have  limited  results.  These 
reforms  appear  to  be  primarily  cosmetic.  What  is  necessary,  he  states,  is 


1  D.  Granick,  Soviet  Introduction  of  New  Technology:  A  Depiction  of  the 
Process,  SSC-TN-2625-7  (SRI/Strategic  Studies  Center,  1975). 
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to  change  the  basic  managerial  philosophy,  to  move  from  making  managerial 
income  and  promotion  rewards  direct  and  immediate  functions  of  measurable 
objective  performance  indicators,1  to  a  system  where  these  rewards  are 
decided  upon  by  superiors,  using  subjective  evaluation  criteria.  The 
latter  is  the  system  used  in  East  Germany  and  in  many  capitalist  economies 
including  the  United  States.  Soviet  leaders,  Granick  argues,  could  adopt 
this  approach  without  doing  violence  to  their  sociopolitical  beliefs  and 
without  running  the  major  economic  and  political  risks  of  radical  economic 
reform.  However,  there  is  nothing  in  the  Soviet  literature  to  indicate 
that  such  a  change  in  managerial  philosophy  is  in  the  offing. 

A  second  factor  inhibiting  the  absorption  and  diffusion  of  advanced 
technology  in  the  Soviet  Union  involves  the  organization  of  research  and 
development  (R&D) .  Considerable  expenditure  is  devoted  to  R&D  in  the 
Soviet  Union,  but  generally  it  is  separated  from  the  production  process, 
and  less  attention  is  paid  to  development  than  research.  As  a  result, 
while  new  technology  is  generated  (and  foreign  technology  monitored) ,  the 
implementation  and  diffusion  of  such  technologies  are  limited.  For  the 
reasons  just  discussed,  the  managers  of  industrial  enterprises  try  to 
avoid  incorporating  new  technology  because  it  will  cause  problems  and  will 
not  lead  to  sustained  rewards.  Thus,  simply  giving  the  control  of  R&D  to 
the  production  managers  is  not  a  likely  solution,  since  the  expectation  is 
that  they  will  not  encourage  the  development  of  new  products  and  processes. 
One  of  the  reforms  currently  underway,  the  creation  of  large  "scientific 
production  associktions, "  offers  the  promise  of  bringing  the  Soviet  organi¬ 
zational  relationship  between  research,  development,  and  production  more 
into  line  with  the  pattern  dominant  in  the  West.  In  this  regard,  the 
practice  appears  to  be  to  have  a  scientific  institute  as  the  managerial 
unit  in  the  association,  so  as  to  give  primacy  to  technical  change  as  an 
objective.  Though  this  is  considered  a  rather  promising  reform,  whether 


1  This  is  essentially  Taylorism,  which  was  originally  designed  to  Increase 
the  direct  productivity  of  semiskilled  workers,  not  the  administrative 
and  innovational  activity  of  managers. 


6 


it  will  have  significant  results  is  difficult  to  say,  particularly  within 
the  present  incentive,  planning,  and  control  environment. 

A  third  factor  contributing  to  Soviet  difficulties  is  that  the  tech¬ 
nology  transfer  process  is  primarily  a  people-process.  Technology  is  best 
transferred  from  firm  to  firm  and  from  country  to  country  by  people  (managers 
engineers,  sales  engineers,  etc.)  rather  than  by  publications  (including 
blueprints)  or  products  themselves.  In  the  postwar  period,  the  Soviets 
have  concentrated  on  the  latter  approaches  while  making  minimal  use  of 
the  former.  Currently,  however,  they  appear  to  be  paying  more  attention 
to  the  people  part  of  the  process. 

Related  to  this,  but  also  directed  toward  increasing  Western  interest 
and  participation  in  effective  technology  transfer  to  the  Soviet  Union, 
has  been  the  current  Soviet  discussion  of  new  forms  of  industrial  cooper¬ 
ation  with  Western  businesses.  As  Kosygin  recently  stated,  "We  are  con¬ 
vinced  that  for  the  realization  of  such  cooperation  there  can  be  found 
various  organizational  forms  which  would  be  to  the  interest  of  all  partici¬ 
pants  . ,,x 

The  elements  discussed  so  far  have  related  to  Soviet  institutions  and 
practices.  However,  the  Russians  under  both  the  Tsars  and  the  Soviet 
government  have  had  trouble  mastering  modern  technology  and  maintaining 
its  dynamic  change.  There  are  elements  common  to  the  pre-  and  post-revolu¬ 
tionary  Russian  scene  which  help  explain  these  difficulties. 

One  such  feature  concerns  the  creative  destruction  aspect  of  technical 
change — that  is,  when  something  new  is  done  and  it  is  successful,  the  old 
is  destroyed.1 2  In  the  Soviet  Union,  and  in  Tsarist  Russia,  creative 

1  Kosygin  at  the  24th  Party  Congress  (1971)  is  Gosplan  SSSR,  Gosudarstvennyy 
Pyatiletniy  plan  Razitiya  Narodnogo  Khozyaystva  SSSR  na  1971-1975  Gody 
(Moscow,  1972) 

2  In  this  respect,  one  of  the  advantages  of  a  private  enterprise  system  is 
that  it  does  not  internalize  within  the  state  decision  sector  the 
destruction  of  the  old.  The  price  paid  for  new  technology  is  absorbed 
by  individual  elements  in  the  society  rather  than  the  society  as  a  whole 


destruction  has  been  limited  by  the  bureaucracy;  this  has  been  an  Important 
and  difficult  aspect  of  the  whole  process  of  technical  change  in  the  Russian 
economy.  In  general,  bureaucracies  tend  to  possess  a  high  degree  of  risk 
aversion  and  the  ability  to  protect  themselves  against  disruption.  Estab¬ 
lished  bureaucratic  rules  and  lines  of  authority  hamper  change  and  experi¬ 
mentation  with  new  ways  of  doing  things.  Bureaucracies  tend  to  penalize 
failure  more  than  they  reward  innova tional  success.  Bureaucracies  tend  to 
favor  large-scale  output — this  has  always  been  true  in  Russia — and  large- 
scale  output  itself  increases  the  cost  of  change.  Finally,  bureaucracies 
establish  firm  lines  of  administration  preventing  "invasions"  of  a  stagnant 
branch  by  groups  from  a  more  dynamic  branch.  Such  "innovation  by  invasion" 
has  been  a  significant  source  of  technology  diffusion  in  the  West. 

Furthermore,  the  absence  of  a  threat  of  bankruptcy  in  the  non-competitive 
Soviet  economy  has  an  impact.  In  competitive  economies,  the  innovational 
process  responds  in  a  positive  way  to  high  rewards  for  successful  innova¬ 
tion;  it  also  responds  to  the  fear  of  being  driven  out  of  business  by 
dynamic  competitors.  Indeed,  the  spur  to  innovation  from  the  latter  is 
probably  stronger  than  the  former.  The  absence  of  defensive  innovation 
from  the  Soviet  economy  thus  removes  an  important  contribution  to  technical 
change . 

Frequently,  dynamic  men  do  appear  in  leadership  positions  in  the 
Soviet  bureaucracy  who  press  for  change.  While  they  may  enjoy  some  success 
through  the  exercise  of  their  power,  they  are  not  at  the  production  level, 
and  thus  their  influence  over  day-to-day  operations  is  limited. 

A  final  factor  which  should  be  noted  is  that  the  Soviets  have  primarily 
Imported  foreign  technology  for  domestic  purposes  rather  than  for  exports 
which  would  have  to  be  internationally  competitive.  Thus,  once  the  new 
technology  was  in  place,  there  was  no  pressure  on  those  using  it  to  keep 

it  up  to  changing  foreign  levels,  and  the  technology  languished.  This 

\  s 

was  also  important  in  the  Tsarist  period.  The  success  experienced  by  the 
Japanese  in  developing  a  self-sustaining  technological  advancement  through 
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the  Import  of  technology  for  International  competitive  purposes  highlights 
the  Influence  of  the  purpose  of  imported  technology,  i.e.,  whether  it  is 
to  be  used  just  internally  or  whether  it  is  also  used  for  international 
competitive  purposes.  Moreover,  this  argument  contributes  to  an  explanation 
of  why  the  Soviet  have  done  much  better  in  military  technology  than  in 
civilian  technology.  Military  equipment  is  in  its  nature  competitive;  its 
performance  and  its  utility  can  be  judged  only  relative  to  the  equipment 
possessed  by  the  (potential)  enemy;  this  is  not  generally  true  of  nonmilitary 
equipment . 


II  AN  ECONOMETRIC  ANALYSIS  OF  THE  ROLE  OF 
TECHNOLOGY  TRANSFER  IN  SOVIET 
INDUSTRIAL  GROWTH,  1968-80 


A.  Counterfactual  Use  of  an  Econometric  Model 


As  was  stated  above,  while  both  Western  observers  and  current  Soviet 
policymakers  appear  convinced  of  the  contribution  of  foreign  technology 
to  Soviet  industrial  growth,  the  quantitative  significance  of  the  technol¬ 
ogy  transfer  remains  a  major  unanswered  question.  Much  of  the  evidence 
which  bears  upon  the  static  gain  from  technology  transfer  and  Soviet  ability 
to  absorb  and  diffuse  borrowed  technology  is  anecdotal  in  character.  Data 
on  anticipated  unit  cost  savings  or  actual  productivity  gains  in  model 
enterprises  unfortunately  do  not  answer  the  crucial  issues  of  aggregate 
costs  and  benefits. 

During  the  consttuctlon  of  the  SRI-WEFA  Econometric  Model  of  the  Soviet 
Union,  a  new  methodology  was  developed  for  evaluating  the  quantitative  im¬ 
pact  of  imported  machinery  on  Soviet  industrial  production  which  to  a 
certain  extent  provides  a  measure  of  the  gains  from  technology  transfer. 

The  incorporation  of  this  feature  within  the  complete  macroeconometric 
model  provides  a  framework  for  evaluating  the  direct  and  indirect  benefits 

of  Soviet  machinery  imports  through  counterfactual  scenarios  in  the  past 

\ 

and  conditional  projections  into  the  future. 

The  analysis  reported  here  uses  SOVMOD  II,  the  second-generation 
version  of  the  SRI-WEFA  Soviet  Econometric  Model.1  The  major  features  of 
this  model  are  described  elsewhere  and  only  the  conponents  of  the  model 


1  SOVMOD  II  is  documented  in  Donald  W.  Green,  Lawrence  R.  Klein  and  Herbert 
S.  Levine,  The  SRI-WEFA  Soviet  Econometric  Model:  Phase  Two  Documenta¬ 
tion,  Stanford  Research  Institute,  Technical  Note  SSC-TN-2970-3  and 
SSC-TN-2970-4,  October  1975. 
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which  bear  on  the  issue  of  technology  transfer  will  be  discussed  here. 

In  Figure  1  below,  the  major  components  of  the  model  are  charted.  Invest¬ 
ment  is  determined  by  financing  categories  in  the  State  budget,  nonpersonnel 
defense  expenditure  and  gross  profits  in  the  national  economy.  Capital 
formation  depends  upon  current  and  past  investment  expenditures  and  the 
stage  of  the  five-year-plan.  Industrial  output  is  a  function  of  employ¬ 
ment,  capital,  and  a  stock  measure  of  foreign  capital  where  the  specifica¬ 
tion  is  a  Cobb-Douglas  production  function.  Imports  of  Soviet  machinery 
are  dependent  upon  domestic  investment  expenditures,  Soviet  hard  currency 
reserves,  and  certain  aspects  of  Soviet  policy  such  as  detente.  Soviet 
hard  currency  exports  also  respond  to  the  liquidity  position,  i.e.,  an 
expansion  of  Soviet  imports  will  induce  an  expansion  of  Soviet  exports 
with  a  lag. 

The  next  two  sections  describe  (1)  the  specification  of  production 
when  capital  is  disaggregated  into  foreign  and  domestic  categories,  and 
(2)  the  specification  of  Soviet  demand  functions  for  foreign  machinery. 

Then  a  control  solution  or  base-line  simulation  of  Soviet  economic  growth 
for  the  period  1968-80  is  described.  Using  this  control  solution  as  a 
reference,  the  economic  losses  to  the  Soviet  Union  had  East-West  trade  not 

expanded  rapidly  in  the  post-1968  period  can  be  estimated.  In  addition, 

«  » 

dynamic  multipliers  can  be  estimated  for  Soviet  machinery  imports  by 
shifting  those  detnan d  functions  upwards  and  downwards.  Finally,  the  paper 
discusses  the  reasonableness  of  these  efforts  at  quantification  and  emphasizes 
the  assumptions  upon  which  the  estimates  depend. 

B.  Imported  Machinery  and  Technology  Transfer 

The  gains  from  technology  transfer  internationally  will  depend  upon 
the  technical  gap  between  nations  and  the  absorptive  efficiency  of  the 
receiving  nation  (its  capacity  for  learning  and  absorption).  In  an  attempt 
to  quantify  the  gains  from  technology  transfer,  there  are  clear  advantages 
to  focusing  on  imported  machinery  and  equipment.  Machines  imported  from 
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FIGURE  1 


Technology  Transfer  Component  of  SOVMOD  II 
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this  diagram. 
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nations  more  technologically  advanced  can  shift  a  domestic  production 
function  upward  in  three  different  ways: 


•  directly  through  higher  productivity  in  domestic  production 

•  indirectly  through  use  in  the  production  of  more  efficient 
domestic  machinery 

•  even  more  indirectly  through  the  transmission  of  informa¬ 
tion  which  results  in  a  higher  domestic  level  of  technology. 


The  value  of  information  embodied  in  foreign  machines  will  rarely  be  fully 
captured  by  the  transaction  price,  for  the  usual  gains-from-exchange 
arguments. 


In  the  case  of  the  Soviet  Union,  there  are  two  additional  reasons  for 
using  observed  imports  of  machinery  and  equipment  to  increase  our  under¬ 
standing  of  the  determinants  of  production  and  technical  change.  First, 
as  was  argued,  technology  transfer  through  machinery  imports  has  played  a 
prominent  role  in  past  Soviet  economic  development.  Indeed  it  is  somewhat 
surprising  that  few  Western  economists  have  considered  the  transfer  issue 
in  their  analysis  of  Soviet  factor  productivity.1  A  second  reason  is  that 


1  One  notable  exception  has  been  Stanislaw  Gomulka’s  innovative  work  on 
intercountry  embodied  technological  diffusion.  In  Golmulka  and  Sylwes- 
trowicz  ("Intercountry  Embodied  Diffusion  and  the  Time  Changes  in  the 
Factor  Productivity  Residual,"  in  F.  L.  Altman,  0.  Kyn,  and  H.  J.  Wa genet , 
eds..  On  the  Measurement  of  Factor  Productivities:  Theoretical  Problems 
and  Practical  Results,  Papers  and  Proceedings  of  the  1974  Reisenburg 
Symposium,  Gottingen,  Vandenhoek  and  Ruprecht,  forthcoming)  a  method  is 
introduced  for  calculating  the  effect  of  imported  investment  goods  upon 
the  growth  rate  of  labor  productivity  where  there  exists  a  technological 
gap.  This  diffusion  effect  is  strictly  determined  by  intercountry  dif¬ 
ferences  in  labor  productivity  and  the  structure  of  domestic  capital 
stock.  In  his  later  Banff  paper,  Gomulka  ("Soviet  Post-War  Industrial 
Growth,  Capital-Labor  Substitution  and  Technical  Change:  A  Re-Examination 
Proceedings  of  the  Banff  *74  International  Conference,  forthcoming) 
rejects  this  diffusional  effect  as  a  major  cause  of  the  retardation  of 
Soviet  industrial  growth  although  this  effect  was  not  incorporated  in 
the  specification. 


imports  of  machinery  and  equipment  are  reported  in  Soviet  statistics  and 
thus  are  available  to  us.  However,  these  data  must  be  treated  very  care¬ 
fully  because  of  certain  features  of  Soviet  accounting  practice.  Not  only 
is  the  domestic  value  of  an  imported  machine  not  accurately  reflected  in 
the  world  market  price,  it  is  also  rarely  reflected  in  the  internal  price 
paid  by  the  Soviet  enterprice  or  in  the  price  assigned  for  inclusion  of 
the  machine  in  capital  stock  statistics. 

The  incremental  output  derived  from  new  capital  will  be  dependent  on 
the  foreign/domestic  composition  of  that  capital.  In  order  to  estimate 
the  contribution  of  imported  machinery  to  Soviet  industrial  production, 
a  measure  of  foreign  capital  from  Soviet  import  data  is  constructed  and 
then  used  to  disaggregate  the  capital  stock  into  foreign  and  domestic 
categories. 


The  construction  of  a  measure  of  foreign  capital  in  constant  domestic 
rubles  requires  appropriate  deflation  of  observed  machinery  imports  and 
assumptions  about  conversion  coefficients,  installation  lags,  and  a  retire¬ 
ment  rate.  The  appropriate  dating  for  the  import  flow  and  price  deflator 
are  difficult  to  set  a  priori  since  machinery  gestation  lags  may  vary  and 
import  transactions  registered  in  a  current  year  may  reflect  contract 
prices  of  previous  years.  It  is  assumed  that  all  machinery  imports  become 
operable  in  the  year  following  their  importation  into  the  Soviet  Union. 

Our  measure  of  foreign  capital  stock  on  January  1  is  calculated  as  follows: 


F  F  F  K  ,  M 

Kt 5  (1  - d  >  Vi  +  pt-i  '  MSt-i/pt-i 


where  d  Retirement  rate  for  imported  machinery 


K  Capital  Stock,  Foreign  Machinery 


M&  Machinery  Imports,  Current  Rubles 

P  Price  Conversion,  1969  Machinery  Prices  into 
1955  Capital  Prices 

M  * 

P  Price  Deflator,  Imported  Machinery. 
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Capital  stock  of  domestic  origin  (K  )  is  then  derived  as  the  difference 
between  reported  capital  stock  (K)  for  the  sector  and  the  foreign  component 


K°  =  K  -  KF 
t  t  t 


Over  the  period  1960-73,  there  are  some  important  patterns  in  the 
growth  of  foreign  capital  in  Soviet  industry.  From  the  capital  measures 
just  described,  annual  growth  rates  are  computed  and  presented  in  Table  1. 
A  striking  feature  for  aggregate  industry,  chemicals  and  machine-building 
is  the  decline  in  the  growth  rate  of  foreign  capital  in  1965-67.  This  is 
a  period  of  reduced  industrial  investment,  low  growth  in  Soviet  industry, 
and  export  surpluses  to  the  Developed  West.  The  early  1960s  were  a  period 
of  substantial  imports  of  machinery  for  the  chemicals  and  petroleum 
branches,  while  for  aggregate  industry  the  most  rapid  growth  in  machinery 
occurs  after  1968. 


Table  1 


RATES  OF  GROWTH  OF  FOREIGN  CAPITAL,  1961-73 


Aggregate 
Indus tr 


Chemicals  and 
Petrochemicals 


Machine-Building 
and  Metalworkin 


Petroleum 

Products 


Mean 

Growth 

Rate 

1961-72 
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Using  the  disaggregated  series  of  foreign  and  domestic  capital  stock, 
a  production  function  was  estimated  with  three  factors  of  production:  labor 
foreign  capital  and  domestic  capital.1  It  is  assumed  each  imported 

machine  carries  potential  information  which  may  raise  the  level  of  Soviet 
technology.  Given  a  constant  expenditure  of  internalization  effort 
(analysis  and  diffusion)  per  unit  of  ingiorted  machinery,  the  level  of 
domestic  technique  will  depend  upon  current  and  past  levels  of  machinery 
imports.  When  one  estimates  the  "contribution"  to  output  of  the  marginal 
foreign  machine,  there  are  two  components  to  the  marginal  productivity: 

(1)  a  direct  measure  of  productivity,  and  (2),  its  contribution  to  the 
productivity  of  domestically  produced  machinery.  If  this  "learning" 
component  is  significant  then  the  marginal  productivity  of  foreign  capi¬ 
tal  estimated  in  a  production  function  ought  to  be  higher  than  what  one 
might  judge  reasonable  for  direct  productivity  relative  to  domestic 
capital.  And  that  is  exactly  what  the  econometric  results  suggest. 

Using  the  disaggregation  of  capital,  described  above,  and  data  on 
employment  and  output,  a  Cobb-Douglas  production  function  in  log  linear 
form  was  estimated: 

(3)  In  Xfc  -  6  +  aL  In  Lfc  +  aF  In  KF  +  aD  In  . 

In  the  estimations  no  trend  term  is  included,  which  assumes  no  Hicks- 

neutral  technical  progress — technical  progress  occurs  only  through  the 

F  D 

addition  of  more  factor  inputs.  From  the  estimates  of  a  and  a  ,  and 

F  D 

the  sample  period  means  for  K^_  and  K^,  a  ratio  of  marginal  products  for 
foreign  and  domestic  capital  can  be  computed  as  follows: 


1  Those  interested  in  the  theoretical  basis  for  this  procedure,  its  econo¬ 
metric  characteristics,  and  the  data  used  should  refer  to  the  earlier 
paper  by  Green  4nd  Jarsulic  ("Imported  Machinery  and  Soviet  Industrial 
Production,  1960-1973:  An  Econometric  Analysis,"  Soviet  Econometric  Model 
Working  Paper' #39,  September  1975). 


(4) 


where 


RK  = 


ratio  of  marginal  products 


a  estimate  of  the  output  elasticity  of 
foreign  capital  from  (3)  above; 

''D 

a  estimated  output  elasticity  for  domestic 
capital 

-F  F 

K  sample  mean  of  Kfc,  and 

K*3  sample  mean  of  K^  . 


Table  2  presents  the  derived  measures  of  RK  for  aggregate  Soviet  industry 
and  three  industrial  branches:  chemicals,  machine-building  and  petroleum 
products . 


Table  2 

ESTIMATION  RESULTS:  RATIO  OF  MARGINAL  PRODUCTS* 


Category 

Western  or 
Total  Imports 

F 

a 

D 

a 

kf/k"d 

RK 

Aggregate  industry 

Western 

0.228 

(7.04) 

0.374 

(17.25) 

0.040 

15.2 

Chemicals  and 
petrochemicals 

Western 

0.488 

(2.08) 

0.227 

(1.78) 

0.120 

17.9 

Machine-building  and 
Metalworking 

Total 

0.162 

(0.83) 

0.506 

(1.93) 

0.043 

7.4 

Petroleum  products 

Total 

0.235 

(8.65) 

0.433 

(9.25) 

0.096 

5.7 

*  t-statistics  for  estimated  parameters  are  in  parentheses.  Sample- 
period  means  for  capital  measures  are  computed  over  the  period  1960-72 
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C.  Soviet  Demand  for  Foreign  Machinery 


Demand  functions  for  imported  machinery  in  open  capitalist  economies 
usually  include  a  more  aggregate  category  of  demand  (e.g.,  total  demand 


for  machinery  and  equipment)  and  a  relative  price  term  indicating  the  com¬ 
petitiveness  of  domestic  machinery  in  the  world  market.  Decision  agents 
are,  by  hypothesis,  profit-maximizing  enterprises  and  not  national  govern¬ 
ments.  The  specification  of  Soviet  demand  functions  for  foreign  machinery, 
however,  must  take  into  account  the  existence  of  the  foreign  trade  monopoly 
and  the  disequilibrium  price  set  for  foreign  exchange.  Foreign  exchange, 
particularly  hard  currencies,  is  a  scarce  resource  rationed  by  the  Ministry 
of  Foreign  Trade  under  the  direction  of  the  Council  of  Ministers  and  Gosplan. 
Ministries  and  enterprises  compete,  through  both  political  and  economic 
channels,  for  imported  machinery  as  for  other  scarce  economic  resources. 

In  the  Soviet  macromodel,  the  pattern  of  bureaucratic  behavior  regu¬ 
larity  (rules  of  thumb),  is  specified,  the  contingencies  to  which  such 
bureaucratic  rules  must  respond  are  identified,  and,  where  possible  the 
role  of  administrative  intervention  in  shifting  the  rule  from  epoch  to 
epoch  are  clarified.  The  general  specification  used  for  these  demand 
functions  is  as  follows: 


(5)  "  ao  +  “l^-l  +  a2QDET 


where  M$ 


is  Machinery  imports  in  Current  $ 


PM  is  Machinery  price  deflator 

INV  is  Domestic  Investment  in  Constant  Rubles 

FLIQ_^  is  liquidity  Position  at  the  End  of  the  Previous 
Year  (value  of  gold  reserves  in  current  $,  less 
debt  in  current  $,  all  of  this  divided  by  total 
imports  from  Developed  West  in  current  $) 

QDET  is  Dummy  Variable  for  Detente  (post  1968). 


The  "rule  of  thumb"  in  this  hypothesis  is  that  real  foreign  machinery  is 
allocated  proportionately  to  the  allocation  of  domestic  investment  over 
time  within  any  given  category  of  investment.  If  the  two  right-hand  var¬ 
iables  are  normalized  to  a  mean  of  zero,  represents  an  equilibrium  ratio 
for  this  particular  category.  FLIQ  is  a  dimensionless  measure  of  Soviet 
liquidity  in  foreign  exchange  so  is  a  response  coefficient  which  shifts 
the  import  ratio  according  to  variations  in  liquidity.  The  parameter 
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measures  the  impact  of  detente  on  foreign  machinery  demand  where  QDET 
usually  combines  a  shift  after  1968  and  an  upward  trend  thereafter.  In 
scenario  and  projective  analysis  these  parameters  and  varies,  and  the 
consequences  for  Soviet  trade  and  for  domestic  production  where  the  M$ 
variable  is  linked  to  a  measure  of  imported  capital  included  in  production 
functions  are  observed. 

There  are  two  additional  implications  of  the  specification  given  in 
Equation  (5).  First,  a  given  percentage  increase  in  domestic  investment 
will  raise  imports  by  the  same  percentage,  all  other  things  remaining 
constant.  This  assumes  that  hard  currency  will  be  allocated  proportionately 
to  those  sectors  or  branches  which  attract  investment  funds.  Second,  an 
increase  in  world  machinery  prices  will  raise  imports  proportionately  in 
the  current  year  but  depress  the  import  ratio  in  subsequent  years  because 
of  the  impact  on  liquidity  in  foreign  exchange. 

In  Figure  2  below,  the  general  historical  pattern  in  the  observed 
import /investment  ratios  is  indicated.  Over  the  sample  period  1961-73, 
the  equilibrium  ratio  is  shifted  upward  with  detente  with  shortrun  vari¬ 
ation  "explained"  in  part  by  the  liquidity  measure.  The  retardation  in 
real  machinery  imports  in  the  mid-1960s  is  due  first  to  the  restriction 
in  industrial  investment  and  second  to  the  decline  in  Soviet  hard  currency 
liquidity  after  the  1963  harvest  failure.  Several  different  projection 
patterns  are  indicated  for  the  period  1974-80:  projection  (a)  continues 
the  upward  trend  observed  in  the  period  of  detente;  projection  (b)  con¬ 
tinues  the  detente  shift  but  abandons  the  upward  trend;  and  projection 
(c)  represents  a  combination  of  projection  (a)  with  declining  Soviet 
liquidity  because  of  grain  purchases  in  1975-76. 

D.  Scenario  I:  A  Retrospective  Repeal  of  "Detente,"  1968-73 

In  the  estimation  of  Soviet  demand  functions  for  foreign  machinery, 
the  upward  shift  in  these  functions  after  1968  is  attributed  to  a  policy 
decision  to  close  the  technology  gap  with  the  West  through  increased 


trade.  These  considerations  were  an  important  element  in  the  Soviet 
strategy  of  detente,  along  with  the  reduction  of  European  tensions  and 
prospects  of  arms  limitation  agreements.  Using  the  SRI-WEFA  Model  the 
following  counterfactual  question  is  asked:  How  might  Soviet  development 
been  different  had  those  shifts  in  Soviet  machinery  demand  not  taken 
place?  By  retrospectively  repealing  ’’detente”  consequences  for  East-West 
trade,  a  measurement  of  Soviet  gains  from  machinery  imports  is  obtained 
by  holding  constant  the  historical  environment,  i.e.,  financing  of  invest¬ 
ment,  defense  expenditure,  weather,  the  world  economy,  etc. 

In  the  scenario  analysis,  first,  a  control  solution  as  a  standard  of 
reference  for  counterfactual  experiments  is  constructed.  For  the  control 
solution,  the  model  is  solved  dynamically  from  1968  to  1973  using  actual 
historical  values  for  all  variables  in  the  period  of  solution.  The  version 
of  SOVMOD  II  utilized  has  consumption  determined  as  the  residual  category 
of  end-use,  and  Soviet  gold  sales  and  imports  of  grain  from  the  Developed 
West  are  exogenous  rather  than  determined  by  the  model  solution.  Some 
minor  adjustments  were  made  to  this  control  solution  to  reduce  prediction 
errors  in  Soviet  foreign  trade  with  the  CMEA  and  the  Developed  West.  The 
adjustments  are  applied  to  the  scenario  solution  as  well  as  the  control. 

The  main  features  of  this  control  solution  are  Indicated  in  Appendix  A  to 
this  paper. 

Once  the  control  solution  is  determined,  a  No-Detente  scenario  is  com¬ 
puted  by  setting  the  detente  coefficients  of  the  machinery  import  equations 
to  zero  (coefficient  in  Equation  (5)).  Referring  back  to  Figure  1,  only 
the  machinery  import  component  of  the  model  is  adjusted.  Industrial  invest¬ 
ment  and  capital  formation  are  unchanged;  only  the  foreign/ domestic  composi¬ 
tion  of  industrial  capital  stock  is  different  with  consequences  for  industrial 

production.  The  decline  in  Soviet  inports  results  in  an  increase  in  Soviet 

\ 

hard  currency  liquidity  which  acts  to  boost  machinery  imports  in  the  follow¬ 
ing  year.  The  hard  currency  liquidity  gain  also  lessens  -  *.xt  year's  exports 
to  the  Developed  West  which  in  turn  lowers  the  liquidity  position  in  the 
year  after  thkt.  >  The  shift  in  capital  composition  also  generates  another 
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systemic  process  through  the  employment  loop.  A  reduction  in  the  growth 
of  average  labor  productivity  in  industry  lowers  the  growth  of  the  real 
industrial  wage.  This  reduces  subsequent  growth  in  industrial  employment 
through  participation  effects  and,  with  a  longer  lag,  through  a  rural/ 
urban  migration  effect. 

In  comparing  the  Scenario  with  Control,  the  full  system  impacts  of 
the  detente  effect  on  Soviet  machinery  imports  is  observed.  Table  3 
presents  several  measures  which  indicate  the  magnitude  of  this  detente 
effect.  The  model  suggests  that  the  growth  of  industrial  production  from 
1968  to  1973  would  have  been  only  28.4  percent  without  those  additional 
imports  of  Western  machinery,  i.e. ,  approximately  15  percent  of  the  growth 
rate  in  the  control  solution  (33.7  percent)  would  have  been  foregone.  In 
this  version  of  the  model  with  no  compensatory  policy  shifts,  nearly  the 
full  impact  of  this  loss  in  GNP  falls  upon  consumers.  At  the  end  of  the 
period,  the  USSR  has  a  stronger  hard  currency  position  with  $1.2  billion 
additional  reserves  in  the  No-Detente  Scenario  with  a  slower  expansion  in 
foreign  trade  turnover. 

Beyond  the  indicators  presented  in  Table  3,  a  dynamic  multiplier  in 
1970  prices  relating  incremental  industrial  production  to  incremental 
machinery  imports  was  constructed.  The  data  and  computational  procedure 
used  are  presented  in  Table  4.  The  implied  multiplier  of  approximately 
15  is  quite  large  and  several  comments  are  in  order.  First,  the  disturbance 
in  machinery  imports’  is  rather  substantial  relative  to  control  values  so 
the  marginal  products  derived  in  the  production  function  estimation  may 
be  inappropriatei  Second,  this  magnitude  reflects  in  part  the  overvaluation 
of  the  ruble  by  the  official  exchange  rate;  for  example,  if  the  ruble  were 
overvalued  by  a  factpr  of  two,  the  multiplier  would  be  reduced  to  7*j. 

Third,  this  measurement  is  in  some  respects  underestimated  since  even  with 
a  return  to  the  control  path  in  1973,  industrial  production  would  remain 
below  control  thereafter  because  of  the  no-detente  deficiency  in  the  stock 
of  Western  machinery  (nearly  2  billion  rubles  in  1973). 
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Table  3 


THE  IMPACT  OF  DETENTE:  MAIN  INDICATORS 


Detente 

Control 

No  Detente 
Scenario 

Indicator 

Percentage  Growth,  1968-73 

Gross  national  product 

30.3 

27.7 

Industrial  production 

33.7 

28.4 

Chemicals  and  petrochemicals 

33.9 

26.6 

Machine-building 

42.6 

40.8 

Foreign  trade  turnover 

57.9 

52.9 

Aggregate  consumption 

26.0 

21.9 

Value 

in  1973 

Imported  Western  machinery 
(Billion  1955  rubles) 

10.14 

8.27 

Hard  currency  reserves 
(Million  current  $) 

-318. 

878. 

Table  4 


DERIVATION  OF  THE  DYNAMIC  MULTIPLIER  FOR 
WESTERN  MACHINERY,  1968-73 


MIMDW$  Soviet  Imports  of  Machinery  and  Equipment  for  Industry 
from  the  Developed  West  (Billion  Current  $) 

XIT  Soviet  Industrial  Production  (Billion  1970  Rubles) 

PM  World  Machinery  Price  (1970  =  1.)  (German  Export 

Deflator  for  Non-Electrical  Machinery) 

A  Control  Less  Scenario 


AMIWDW$ 

AMIWDW$/PM 

AXIT 

1968 

.271 

.3358 

0.00 

1969 

.271 

.3125 

1.00 

1970 

.332 

.3320 

2.76 

1971 

.374 

.3319 

4.38 

1972 

.457 

.3850 

6.20 

1973 

.603 

— 

8.29 

.16973 

22.63 

Dynamic  Multiplier 


1973 
l  AXIT 
1969 


AMIMDW$ 


■/l. 11  =  14.8 


where  1.11  is  the  Official  Exchange  Rate  in  1970. 
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E.  Scenario  II:  The  Projected  Benefits  of  Imported  Machinery  for  Soviet 

Industrial  Growth,  1973-80 

The  situation  of  the  Soviet  economy  in  the  mid-1970s  is  somewhat  dif¬ 
ferent  from  that  of  the  mid-1960s,  in  part  because  of  the  substantial  im¬ 
ports  of  Western  machinery  during  the  period  1968-74.  To  increase  our 
understanding  of  the  quantitative  contribution  of  technology  transfer, 
projective  scenarios  with  10  percent  upward  and  downward  shifts  in  Soviet 
demand  for  foreign  machinery  were  constructed.  For  projective  analysis, 
the  derivation  of  a  control  solution  is  considerably  more  difficult  than 
for  retrospective  analysis  because  of  uncertainty  concerning  the  paths  of 
exogenous  variables.  For  these  scenario  exercises,  a  control  solution  was 
prepared  for  an  extended  analysis  of  the  Tenth  Five  Year  Plan. 1  The  version 
of  SOVMOD  II  used  is  the  same  as  that  for  Scenario  I  (with  the  "detente" 
effects  restored) . 

The  major  assumptions  used  in  the  determination  of  a  control  solution 
for  1973-80  are  presented  in  Appendix  B.  A  moderate  growth  rate  of  5  percent 
(slightly  higher  for  agriculture) ,  somewhat  less  than  the  observed  growth 
rate  for  1966-75,  was  projected  for  the  important  financing  variables.  The 
projection  assumes  "normal"  weather  for  the  period  1976-80.  For  the  world 
economy,  a  real  growth  at  7  percent  and  world  trade  inflation  at  7  percent 
(1976-80)  was  projected.  Raw  material  prices  are  expected  to  grow  at  a 
lower  rate,  as  are  CMEA  foreign  trade  prices.  A  stable  exchange  rate  for 
the  ruble  and  stable  gold  prices  (at  $120  per  ounce)  were  projected. 

In  establishing  a  control  solution  for  1973-80,  there  have  been  several 
types  of  adjustments  introduced: 

additional  information  for  the  period  1973-75  was  imposed 
on  the  model's  solution  path  for  those  years 


l 


This  analysis  will  appear  in  a  paper  on  the  Tenth  Five  Year  Plan  to  be 
published  in  a  volume  by  the  Joint  Economic  Committee,  U.S.  Congress, 


1976. 
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•  certain  trends  embedded  in  estimated  equations  of  the 
model  were  modified  or  suppressed  given  additional 
information  from  the  Tenth  Five  Year  Plan  and  elsewhere 

•  adjustments  were  made  to  other  variables  taking  into 
account  probable  Soviet  responses  to  trends  observed 
in  the  State  budget,  household  accounts,  and  foreign 
trade. 

Since  1973  data  for  some  variables  in  the  model  were  not  available,  the 
model  projection  must  begin  in  that  year.  Solution  values  for  that  year, 
however,  may  be  adjusted  to  conform  to  the  actual  data  in  hand.  Similar 
adjustments  were  made  to  solution  values  in  1974  with  data  from  the  offi¬ 
cial  Soviet  Statistical  Handbook  recently  published.  For  1975,  the  most 
important  adjustments  involve  the  140  million  metric  ton  grain  harvest 
and  its  impact  upon  total  agricultural  output  and  light  industry.1 

Several  trend  coefficients  estimated  in  the  model  over  a  sample 
period  1958-72  were  modified  for  use  in  long-term  projections.  The  major 

l 

modifications  in  this  regard  involved  the  equations  determining  the  urban 
share  of  total  population  and  the  participation  rate  for  the  urban  popu- 
lation.  Our  adjustments  downward  for  these  variables  result,  for  example, 
in  a  7  percent  growth  rate  in  industrial  employment  over  the  period 
1976-80  rather  than  the  12-14  percent  for  an  initial  projection.  Similar 
trends  werA  modified  or  suppressed  for  the  negotiated  agricultural  price, 
the  wholesale  industrial  price,  and  investment  in  transport/communications, 
housing  and  services. 

The  final  category  of  user  intervention  in  the  derivation  of  a  con¬ 
trol  solution  involves  the  recognition  of  inconsistency,  and  the  imposition 
of  plausible  adjustments  to  lessen  inconsistency  in  the  projection.  For 
example,  the  initial  projections  with  SOVMOD  II  resulted  in  very  large 
Soviet  trade  deficits  with  the  CMEA  in  the  late  1970s  (nearly  $4  billion 


1  These  adjustments  have  been  described  in  an  earlier  informal  note: 
Donald  W.  Green,  "The  1975  Soviet  Grain  Harvest,  The  Tenty  Five  Year 
Plan  and  the  U.S./USSR  Grain  Agreement,"  unpublished  manuscript, 
December  1975. 
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annually).  Such  deficits  arose  from  rapid  growth  (15-18  percent  per  year) 
In  Soviet  Imports  of  machinery  and  raw  materials  from  the  CMEA.  These 
deficits  and  import  growth  rates  were  infeasible,  for  both  economic  and 
political  reasons,  and  the  growth  rates  for  imports  from  CMEA  were  adjusted 
downward  to  a  12-13  percent  level.  A  similar  problem  arose  for  Soviet  hard 
currency  trade,  and  credit  drawings  and  gold  sales  were  increased  to  reduce 
the  deficit  in  hard  currency  to  "manageable"  levels.  Certain  categories  of 
revenue  in  the  State  budget  were  adjusted  to  new  tax  rates  implied  by  the 
1973-74  data  in  order  to  close  the  projected  deficit  in  the  State  budget. 

The  control  solution  for  1973-80  is  presented  in  Appendix  C  and  the 
main  indicators  of  that  solution  are  compared  with  the  Tenth  Five  Year 
Plan  in  Table  5  below.  In  general,  the  aggregate  output  targets  of  the 
Plan  appear  to  be  feasible  by  the  standards  of  SOVMOD  II.  However,  our 
projection  anticipates  more  growth  in  employment  and  capital  investment 
and  fewer  gains  from  technical  progress  than  called  for  in  the  Plan. 

Around  this  control  path  two  scenarios  were  constructed  by  shifting 
Soviet  demand  functions  for  foreign  machinery.  In  Scenario  II-A  all 
features  of  the  control  solution  are  maintained  except  that  the  parameter 
in  each  machinery  demand  function  is  increased  by  10  percent.  In 
Scenario  II-B,  those  parameters  are  reduced  by  10  percent.  Consequently, 
multipliers  in  both  directions  for  imported  machinery  can  be  calculated. 

The  broad  features  of  these  scenarios  are  presented  in  Table  6  and  the 
computation  of  impact  multipliers  is  outlined  in  Table  7.  Two  important 
observations  derive  from  these  experiments.  First,  the  multipliers  for 
Western  machinery  are  lower  for  the  USSR  in  the  1970s  than  they  were  at 
the  end  of  the  1960s,  though  they  are  still  large.  With  the  more  rapid 
accumulation  of  Western  machinery  relative  to  domestic  capital  in  the 
period  of  detente,  the  ratio  of  marginal  products  given  in  Equation  (4) 
has  declined  from  the  sample-period  level.  Second,  the  multiplier  down¬ 
wards  is  greater  than  the  multiplier  upwards  for  the  same  reason.  These 
characteristics  would  appear  as  long  as  the  elasticity  of  factor  substitu¬ 
tion  in  the  production  function  is  unitary  or  less. 


Table  5 


MAIN  INDICATORS  OF  THE  NINTH  AND  TENTH  FIVE-YEAR  PLANS 


Ninth  Five-Year  Plan  Period,  1971-75 


Indicator:  Rates  of  Growth 


(1)  (2)  (3) 

Official  Official  SOVMOD  II 
Plan  Target  Claim  Control 


National  income 

38.6% 

28.0% 

- 

Industrial  output 

47.0% 

43.0% 

43.0% 

(34.)+ 

Industrial  labor  productivity 

39.0% 

34.0% 

32.4% 

(24.1)+ 

Industrial  employment 

5.9% 

6.7% 

8.0% 

Agricultural  output  (5-year  average) 

21.7% 

13.0% 

12.0% 

(10.)+ 

Real  income  per  capita 

31.0% 

24.0% 

21.8% 

New  capital  investment 

41.6% 

- 

40.8% 

Total  consumption 

- 

- 

24.0% 

Foreign  trade  turnover 

33.-35.% 

- 

54.0% 

Tenth  Five-Year  Plan  Period,  1976-80 

(2) 

(3) 

Preliminary 

SOVMOD 

II 

Indicator:  Rates  of  Growth 

Plan  Target 

Control 

GNP 

National  income 

Industrial  output 

Industrial  labor  productivity 

Industrial  employment 

Agricultural  output  (5-year  average) 

Real  income  per  capita 

New  capital  investment  (5-year  total) 

Total  consumption 

Foreign  trade  turnover 


24.-28.% 

35.-39.% 

30.-34.% 

4.2% 

14.-17.% 

20.-22.% 

24.-26.% 

30.-35.% 


23.8%* 

40.6%  (31.8)+ 
32.4%  (24.1)+ 
6.2% 

11.2%  (9.2)+ 
16.6% 

30.0% 

23.6% 

25.0% 


*  Since  1975  GNP  is  depressed  because  of  the  poor  harvest,  a  Five-Year  Moving 
Average  (1973-77)  of  the  Control  Solution  was  used  in  comparisons  with  1970 
and  1980. 

+  Model  projections  on  Western  data  basis  (in  parentheses)  converted  to  Soviet 
data  basis  using  simple  adjustment  factors  observed  1966-70. 


Sources:  (1)  N.  K.  Baybakov  (General  Ed.),  Cosudarstvennyy  pyatllentnly  plan  razvltlya 
narodnogo  khozyaystva  SSSR  na  1971-1975  gody,  Moscow,  1972. 

(2)  Pravda,  15  December  1975. 

(3)  SOVMOD  II  Control:  9  March  1976. 


Table  6 


CONTROL  SOLUTION 

AND  DEMAND-SHIF" 

SCENARIOS,  1973- 

■80 

Indicator 

Scenario  II-B 
10%  Decrease 

Control 

Solution 

Scenario  II-A 
10%  Increase 

1975-80  Growth 

Gross  national  product* 

23.5% 

24.0% 

24.6% 

Industrial  productionf 

39.5  (30.8)% 

40.6  (31.8)% 

41.7  (32.8)% 

Petroleum  products 

42. 5  (36.6)% 

43.4  (37.5)% 

44.4  (38.5)% 

Chemicals  &  petrochemicals 

52.5  (31.3)% 

55.0  (33.5)% 

57.4  (35.5)% 

Machine  building 

53.6  (32.7)% 

54.5  (33.5)% 

55.0  (33.9)% 

1980  Value 

(Billion  1955  Rubles) 

Stock  of  imported  machinery 

Aggregate  industry 

18.41 

19.57 

20.72 

Petroleum  products 

3.18 

3.37 

3.57 

Chemicals  &  petrochemicals 

3.45 

3.67 

3.88 

Machine  building 

3.46 

3.66 

3.85 

*  Five-Year  Moving  Average  for  1975. 

t  Western  sample  indexes  for  Soviet  industrial  output  are  in  parentheses. 
These  growth  projections  are  converted  to  Official  Soviet  statistics 
using  adjustment  factors  determined  for  1966-70. 
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Table  7 


SCENARIO  II:  DYNAMIC  MULTIPLIERS 
Symbols  as  In  Table  4  above. 


Scenario  II-A:  10%  Increase 
Scenario  II-B:  10%  Decrease 


Both  Scenarios  (±) 

Scenario  II-A 

Scenario 

Year 

AMIMDW$/PM 

AXIT 

AXIT 

1973 

.105 

0.00 

0.00 

1974 

.132 

0.35 

-0.36 

1975 

.153 

1.00 

-1.02 

1976 

.148 

1.58 

-1.62 

1977 

.163 

2.08 

-2.15 

1978 

.178 

2.60 

-2.70 

1979 

'  .196 

3.15 

-3.29 

'  .214 

3.71 

-3.89 

i 


Upward  Multiplier  =  12.1 
(1973-78) 

\ 

Downward  Multiplier  =12.4 
(1973-78) 


Multipliers  calculated  for  the  full  8-year  period  are  over  15.  We  have 
presented  six-year  multipliers  to  facilitate  comparison  with  Scenario  I. 
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Ill  CONCLUSIONS 


There  appears  to  be  an  apparent  contradiction  between  the  qualitative 
impression  of  Soviet  difficulties  with  the  absorption  of  advanced  technology 
at  the  microeconomic  level  and  the  quantitative  estimates  of  the  impact  of 
imported  Western  machinery  at  the  macroeconomic  level,  derived  from  the 
SRI-WEFA  Soviet  econometric  model.  The  results  appear  to  show  a  greater 
payoff  to  the  importation  of  foreign  technology  than  might  have  been  assumed 
from  the  qualitative-analytical  and  anecdotal  literature  (both  Western  and 
Soviet)  on  the  Soviet  economy. 

A  number  of  methodological  problems  in  calculating  Soviet  gains  from 
technology  transfers  come  into  focus  when  the  process  of  technology  trans¬ 
fer  is  considered  more  carefully.  Two  of  the  major  ones  are  omitted  costs 
and  returns  to  scale  in  the  technology  transfer  process. 

i 

In  this  study  the  reported  Soviet  expenditure  on  imports  of  Western 
machinery  is  related  to  the  derived  increments  of  industrial  output.  How¬ 
ever,  the  process  of  technology  transfer  involves  additional  expenditures 
of  domestic  resouj-ce^  (particularly  skilled  manpower)  as  well  as  supple¬ 
mentary  payments  for  technical  assistance  from  abroad.  Unfortunately, 
these  expenditures  at^  the  aggregate  level,  at  least  those  Involving  domes¬ 
tic  resources  cannot  be  observed. 

To  refine  the  estimates  of  the  contribution  of  imported  machinery, 
quantitative  measures  of  the  supplementary  expenditures  need  to  be  derived. 
For  example,  a  sample  of  transfer  projects  could  be  evaluated  to  determine 
a  ratio  of  domestic  resource  expenditure  to  external  expenditures  on 
physical  machinery  and  equipment.  If  one  were  to  adopt  the  common  "rule 
of  thumb"  of  three  rubles  internal  expenditure  for  each  ruble  of  external 
expenditure,  the  impact  multipliers  would  be  reduced  by  a  factor  of  four 
(from  12-15  to  3-4).  This  issue  bears  particularly  on  the  "reasonableness" 


of  the  no-detente  scenario  (Scenario  I).  One  would  expect  that  a  reduc¬ 
tion  in  the  scale  of  imports  would  release  domestic  technology  "transfer" 
resources  to  the  factory  floor,  with  a  consequent  increase  in  production 
from  the  Scenario  I  path.  However,  in  principle  at  least,  this  potential 
reallocation  of  factors  within  aggregate  industry  should  already  be  taken 
into  account  by  the  econometric  estimation  over  the  sample  period. 

The  second  problem  involves  the  important  issue  of  scale  in  technol¬ 
ogy  transfer.  One  may  think  of  a  continuum  of  technology  transfer  projects 
ranked  according  to  an  effectiveness  criterion  (a  Soviet  rate-of-return) . 
Such  a  continuum  of  potential  projects  will  exist  in  each  time  period.  If 
the  scale  of  aggregate  technology  transfer,  as  measured  by  the  level  of 
machinery  imports,  is  increased  then  one  assumes  that  projects  of  lower 
productivity  will  be  undertaken.  Similarly,  if  the  scale  of  technology 
transfer  is  reduced,  the  effectiveness  of  the  marginal  product  should 
rise.  Specifying  the  production  function  as  unitary  elastic  (Cobb-Douglas) 
tends  to  move  the  results  in  that  direction,  but  perhaps  by  too  little. 

In  future  research,  it  may  be  appropriate  to  impose  such  a  technology  on 
the  transfer  process  itself  and  reestimate  production  functions  subject 
to  this  additional  constraint. 

A  major  task  remains  of  reconciling  the  macroeconometric  results  in 
this  paper  with  the  microeconomic  evidence  presented  in  other  papers  on 
this  topic.  To  make  a  tentative  step  in  that  direction  consider  first 
the  issue  in  a  framework  of  comparative  statics  and  then  look  briefly  at 
problems  of  comparative  dynamics. 

Consider  the  Soviet  economy  on  1  January  1973,  where  the  ratio  of 
imported  Western  industrial  machinery  to  all  other  industrial  capital  is 
approximately  .05.  Suppose  also  that  the  hypothetical  ratio  of  direct 
capital  productivities  is  only  2  according  to  the  judgments  of  knowledge¬ 
able  Soviet  engineers  and  microeconomists.  How  reasonable  then  is  an 
estimated  dynamic  multiplier  of  10?  That  means  that  had  the  economy 
imported  1  billion  rpbles  more  Western  machinery  with  the  same  aggregate 
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capital  accumulation  before  January  1*  industrial  production  in  1973  would 
be  10  billion  rubles  more.  This  is  expressed  in  total  differential  forms: 


AX  =  MPKF  .  AKF  +  MPKD  .  AK°  +  AMPK°  .  K° 


F  D 

where  K  and  K  are  fixed. 


F  D 

The  last  term  is  the  impact  of  learning  by  importing.  With  MPK  =  rMPK  , 
this  reduces  to  the  following  expression: 


AX  =  mpkf  -  mpkd  +  AMPK°  .  kd 
=  rMPKD  -  MPK°  +  AMPKD  .  K° 
=  (r-l)MPKD  +  AMPKD  .  KD. 


This  expression  may  be  rearranged  to  relate  the  percentage  increase  in  the 
marginal  product  of  domestic  capital  to  the  domestic  capital  stock  and  its 
marginal  product: 

AMPKD  _  1  r  AX  ,  ,  , 

D  D  D  r  ^  I  * 

MPK  K  MPK 

With  K°  =  300  billion  1972  rubles,  the  inverse  relationship  between  the 
marginal  product  and  its  percentage  increase  because  of  incremental  machinery 
imports  may  be  indicated  by  the  following  table: 


(r) 

Ratio  of  Direct 
Marginal  Products 


MPK  =  0. 


To  account  for  an  estimated  multiplier  of  10,  the  compositional  shift  in 
Soviet  industrial  capital  in  the  hypothetical  experiment  of  1  billion 
rubles  would  have  to  raise  the  marginal  product  of  non-Western  capital 
by  6  to  13  percent. 

On  the  basis  of  this  simple  experiment,  the  magnitude  of  the  impact 
of  Western  technology  is  not  unreasonable  and  could  be  accepted  by  micro- 
economic  analysts.  However,  it  would  make  a  difference  whether  that 
additional  billion  rubles  of  Western  machinery  was  imported  in  the  pre¬ 
ceding  year  or  spread  evenly  over  the  previous  10  years.  This  brings  up 
the  issue  of  diffusion  rates  and  the  dynamic  process  of  technology  absorp¬ 
tion.  The  econometric  specification  which  was  used  implicitly  assumed 
that  the  productivity  impact  (learning  and  diffusion)  occurs  with  a  lag 
of  only  one  year.  This  is  in  sharp  contrast  to  the  judgments  of  both 
Soviet  and  Western  economists.  It  would  be  useful  to  shift  to  a  vintage 
capital  market  with  efficiency  weights  related  to  a  distributional  lag 
over  past  machinery  imports.  The  introduction  of  such  a  dynamic  specifi¬ 
cation  for  Soviet  production  functions  may  require  the  imposition  of 
further  assumptions  in  order  to  identify  the  impact  of  "learning  by 
importing."  This  is  a  promising  direction  for  future  research. 


\ 
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